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Executive Summary

The Seattle area is prone to earthquaken any of multiple faults in the region, including ®Beattle FaulZone
(SFZ) anthe Cascadia Subduction ZofE@SZ)A large earthquake originating on the SFZ or a great CSZ interface
event will cause strong ground shaking, permanent ground deformaliiquefaction, landslides, tsunamis,

andor seiches which could potentially impadrainage andvastewaterinfrastructure and disrupt&attle
PublicUtilitesQ F 6 Af A& (2 LINEathgRakes &igidathy it the GSZ deS&pNddapI&xé zore
occur more frequently, but are typically not as damaging as large SFZ or CSZ inteifapeakes.
Wastewaterinfrastructure isespeciallyulnerable to earthquakes because of the extensive netwoflbelow
groundmainlines pump stationsstoragetanks, anccombined sewefacilities.Breaksor loss of gradén the
collection systemor danage to pump stations couldad to sewage backups in homes and potential releases of
untreated sewage into the environmeriDrainage mainlines are alsosseptible to earthquakénduced

damageln the event of strong earthquake ground shakiggattle Pulit Utilities SPU couldfacesignificant
challengesn responding teassess and repair their damagassets due to damaged roads, bridgeswer lines
andother lifeline infrastructuresystems.

The Seismic Risk Assessment Team (T,aam$isting of the SPtdntributorsanda team ofconsultans led by

Brown and Caldwelperformedl RS a1 (2 LJ | & adBaindgdy &g wiast@v@tenginlineshiastewater

pump stationsandcombined sewer overflow (CSfagilitiesto identify those that areat higher risko damage
andfailureduringa seismic evenilhe desktop assessmenwasbased on two earthquake scenarios: (1)

magnitude 7.0 earthquake occurring on the Seattle Fault Zone (M7.0 SFZ) and (2) magnitude 9.0 earthquake
occurring on theCascadia Subduction Zone (M9.0 CSZ). Scenario descriptions, ground shaking, permanent

ground deformation, and tsunami/seiche inundation dat& based ordata previously developed by thenited

States Geological Survay§Gyand Washington Department ofatlral ResourceONRand technical work

O2YLX SGSR F2NJ YAYy3A [/ 2dzyieKeltdD&dI wSHIAC RISy DBBSRF ¥ R5 WBX
2018aan®01&y FyR {t! Q& 2 dSNJ {eanSYy {SAaYAO {{(dzRe o6{t!

The results of the esktopassessments were used to develop likelihood of failure sc&fes then combined
the likelihood of failurescores with scores representing potential consequences of failure and scores
representing equity considerations. The comlunésk scores werthen used tocategorize highisk facilities
andmainlinesfor subsequent plannindgseismic riskcoringdata from this assessmeignot intended to inform
specific facility upgrades, retrofits, or improvement projects; howeités,intended tocharacterize he general
seismic risk of therainage andvastewater system and timform the development of th&hape Our Water
Plan

1
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1. Introduction

Seattle Public Utilities (SPU) is prepa®igpe Our WateA50yearPt | Y  F 2 NWafeiSRediliéntes Q &
supporttheir Drainage and Wastewater (DWW) Line of Business. The Shape Our Water Plan will provide
citywide recommendations for projects, programs, and policies that will better equip SPU to be a community
centered utility and be more resilient to daguakes, future changes in the climate, regulations, and the
economy.

The Shape Our Water Plartludesa comprehensive, mulStakeholder, engagement effort to provide a

communityd K| LISR @A aAz2y | yison Bnfydelsf TR Shap&kKCur Watel Pya@uill direct near and
long-term investment in the partnerships, programs and projects that will improve the performance and
NEAAEASYOS 2F {SIFHdGfSQa RNIAYI3IS YR ¢ &aiSdicfiorSNI & e a
the community.

1.1 Seismic Risk

The Seattle area is prone to earthquaken any of multiple faults in the region, including Beattle FaulZone

(SFZ) anthe Cascadia Subduction Zof@@S2Z)A large earthquake originating on the SFZ or a greatr@iSiace

event will cause strong ground shaking, permanent ground deformgliurefaction, landslides, tsunamis,

andor seiches which could potentially impaadrainage and wastewatér y ¥ NI & (G NUzOG dzZNB | y R RA
to provide essential serviceBarthquakes originating in the CSZ deep intraplate zone occur more frequmrritly

are typically not as damaging as large SFZ or CSZ interface earthquakes.

Wastewaterinfrastructure isespeciallyvulnerable to earthquakes because of the extensive netwoflbelow
groundmainlines pump stationsstoragetanks, anccombined sewefacilities.Breaksor loss of gradén the
collection systemor damage to pump stations coukhd to sewage backups in homes and potential releases of
untreated sewage into thenvironment.Drainage mainlines are also susceptible to earthqtiakleced

damageln the event of strong earthquake ground shaki8@\couldfacesignificant challengeis responding

to assess and repair their damagaskets due to damaged roads, bridgaower lines andother lifeline
infrastructuresystems.

1.2  Purpose and Objectives

Thepurpose2 ¥ G KAa GFajl Aa G2 LISNF2N)Y | puRbstafoistondoined 4 S&3a Y S
sewer overflow (CS@gcilities anddrainage and wastewatanainlinesto identify those that areat higher risk

in a seismic event and prepare initial preliminary gskires These outcomes will be used to categorize high

facilities andmainlinesfor subsequent planningseismic riskcoringdata from this assessmergnot intended

to inform specific facility upgrades, retrofits, or improvement projects; howeavesjntended tocharacterize

the generalseismic risk of therainage andvastewater system and tmform the developmenof the Shape

Our Water PlanFigurel-1 provides a summary flowchart for the seismic risk assessment process.

3
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Seismic Risk \ Section 2 Review data and adapt
ra Mmethods from SPU Wate
Assessment /

System Study

I.d?ntify backb?ne Section 3PEEE el Section 4 e
Infrastructure for hazard mapping hazard mapping
wastewater services

2

Likelihood of failure for
pump stations and CSO
facilities based on
geotechnical hazards

Likelihood of failure for
pump stations and CSO
facilities based on
inundation hazards

Likelihood of failure for
wastewater and drainage

mainlinesbased on
geotechnical hazards

Assess capacity, high

use, transportation, Consequence of failure

and environmental scores
impacts

N Section 5
of failure scores

Combined risk Preliminary Seismic
scoring Risk Ratings

Figurel-1. Summary flowchart for the seismic risk assessiethtrelated report sections

Section 6

Racial and Social Equi

Index Equity scores

The desktop assessmeisthased on two earthquake scenarios: (1) magnitude 7.0 earthquake occurring on the
Seattle Fault Zone (M7.0 SFZ) and (2) magnitude 9.0 earthquelteing on the Cascadia Subduction Zone

(M9.0 CSZ). Scenario descriptions, ground shaking, permanent ground deformation, and tsunami/seiche
inundation dataare based ordatapreviously developed by thdnited States Geological Surv&sSGpand
WashingtonDepartment of Natural Resourc@@NR)and technical work completed for King County Wastewater
CNBFHIYSY(KEaBRaAA2WOAADASY OBDRROYSE an31ée JENR { i pzR& &I GS
Seismic Study (SPU 20)8
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2. Background

{t! Q& 5 2fBusiheksypBvidedrainage andvastewater services to a population of approximately
747,300 and coveran area of roughly 84 square miles.

{t) Qa 02t tshandldle/sanitangewes;ially combinedwastewater and stormwatesewers and

partialy separated wastewatesystems | LILINREA Yl G6St & w1t LISNOSYyid 2F GKS /
sanitary (mostly in the norérn parts of the city, 33 percent is fully combined (mostly in the central core), and

40 percent is partially separatechfpughout the southern parts of the city but also in several northern basins).

2.1  System Overview

SPU operates a complex wastewater collection system network consisting of 1,423 miles of separated and
combined sewemainlines and maintenance holes, 67 pump stations, aBg&mitted CSQutfalls in Puget

Sound, Lake Washington, and the Duwamish Watgri@aualyze 2019Map A-1 (in Appendix Aprovides an
2O0SNDASE 2F {t! Qa ol aiSeliSNI aeaitasSyz AyOfdzRAYy3 YAyS3
{LXAG 26ySNBKALI 2F (GKS gFaidSeliSNI aeadasSy O2y i NROdzi S
systemtypicallydo not exceed 1,000 acres, discharging into trunk lines ownedpetatedbyY A y 3 / 2 dzy (i & Q
Wastewater Treatment Division (KCW®D) { t | Q& mainiingédametaisSaxge from 4 inches to 12 feet;
however, 8inch and smaller diametanainlines comprise wer 60percentof the network andmainlines greater

than 12inches comprise less than p&rcent2 ¥ { t | Qa niathlinéinventarNd G A G &

¢KS | @SNI IS | IS naiflinef is hofedhand8b yedrsS and theSmédian year for wastewater
mainlineingtallations is between 1930 and 1940. According to | SR2ategic Asset Management PIEGPU
201%), the first wastewatemainlinenetwork in Seattle was constructed in 1883 and thessnlines were
YIRS 6AGK | YAEGdINBE 2F Q124 SIo¢R +ANINK FASIRI OFf yf 26 YIA WIS 2
and by the turn of the century more than 30 miles of wastewaainlinehad been constructed. Vitrified clay
pipe continued to be the dominant material installed until the end of World War thdmid-1940s, concrete
pipe became the primary material for constructing wastewatsinlines, and it continues to be the most
common material used today. Rougl3¥ percent of themainlines are made of vitrified clay ark¥ percent of
the mainlines are nade of concreter reinforced concrete piperhe remaining 7 percent are made of other
materials, including asbestos cement, ductile iron, cast iron, brick;deghity polyethylene, and polyvinyl
chloride.

SPU currently owns, operates, and maintains 67 wastewater pump stations that receive wastewater from

enclosed gravity sewer basins and then convey the wastewater by force main to a point where it can be
discharged y 12 Y/ 2 ¢5Qa& NI I A 2yhterceptgrS Wiil@ thafirstbdmp Stiblayvas A Y
O2yaidNHz2OGSR Ay MpHdpE Yzald 2F {t! Qa ¢l aidSel (SN LzyL)
MBTNA® | YI22NAGe 2F {S1dGt85Q4 61aiS6l GSNI Aa O2y@se
and operated by KCWTD.

SPUWurrentlyowns, operates, and maintains 42 CSO facilibedetain and regulate combined sewer flows that

exceed the conveyance capacity of the collection system during wet we&B€).facilitiesonsist of storage

detention ppes or tanks, flow control structures, and associated electricahagchanical equipment. CSO

facilities vary in storage volume from 3,000 gallons to 2.6 miadlfons(SPU 2018aPlder CSO facilities tend

5
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to be passively controlledvithout operable fatures, while newer CSO facilities are more often actively
controlled to regulate flow.

DrainageMainlines. SPU also operates a complex drainage collection system consisting of draiziagines,

inlets, maintenance holes, catch basins, surface and stazRistormwater control facilities (e.g., ponds, vaults,

filters, and swales), stream culverts, green stormwater infrastructure (GSlI), ditches, astremm culverts.

While this study focuses on the wastewater system, draimagilineshave also been uded in the analysis

because the approach tmainlinescan be applied to both drainage and wastewatesinlines Map A2

6! LISYRAE !0 LINPZGARSA maflin@ ISNIBASE 2F {t! Qa RNIAYIl 38

2.2  Wastewater System Backbone

Critical components of the wastewater collection, conveyance, and treatment system usually include:
1 treatment plant structures that are required to provide some minimal level of treatment
1 trunk lines, large diameter conveyang®inlines and associated pop stations

1 small diameter collectiomainlinesand associated pump stations needed to connect to critoaimunity
facilities (hospitals, emergency shelters, etc.)

1 certain support facilities (laboratories, maintenance shops, etc.)

Together, these critidaomponents make up the wastewater system backbone. Following a major earthquake,

the backbone system is intended to experience minimal damage so that the wastewater system will be capable

of providing service to critical community facilities in suppdrsloort- and intermediateterm community

recovery goals.

{AYyOS Y/2¢5 LINPGARSaA GNBFGYSYyGd FyR GNMzyl tAYS AyidSN
primarily of infrastructure components necessary to collect and convey wastewater from aidtinahunity

facilities to the interceptors owned by KCWHP.Lhas identified a list of approximately 740 critical community
facilities, including: hospitals, police and fire stations, shelters, schools, libraries, childcare centers, et cetera.

This list ofcritical community facilities wassedto define facilities that should be supported by the wastewater

system backbone. SPU then identified a wastewater system backbone based on the following criteria:

1 Mainlines that service a critical community facility

1 Al mainlines downstream ahainlinesthat serve a critical community facility up to a KCWTD interceptor or
other agency sewer main

1 16wastewaterpump stations (WWPS) that are required to satisfy shemtl intermediateterm community
needs following a majoearthquake.

1 18CSO facilitiesCSO mainline detention systems, consisting of circular or rectangular mainlines, the
majority of which comprise CSO facility storage assets.

AppendixB discusses the mapping of wastewater system backboamlines, and MaB-1 (in AppendixB)
shows the wastewater system backbomitical facilities, and component§able2-1 provides a summary of
SPU wastewater system assetsluded in the backboné backbone for the drainage system was not
developed as part of this project.
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Table2-1. Summary ofMWastewaterSystem Backbone Infrastructu

Component Backbone Description

A 0.1 miles of combined force mains

A 113miles of combined mainlines
Mainlines A 2 miles of sanitary force mains

A 177 miles of sanitary mainlines

A 0.8miles of CSO detention mainlines

A 16 pump stations
A 18 CSO facilities

Facilities

2.3 Review of PreviouS$tudies

The Seismic Risk Assessment Team (T,aam$isting of the SPU contributors amteam of consultants led by
Brown and Caldwell (identified at the beginning of this Technical Memorandewi@wed previous reports and
planning documents to obtaindzkground information for the seismic risk assessm8RtU has taken a

proactive approach to managing their wastewater system assets, developing asset management plans, capital
improvement plans, and condition assessments. The Team identified the follawiey documents used to

inform the seismic risk assessment:

1 Seattle Public Utilities Sewer Pump Station Prioritized Capital Improvement Plan Report (Davido Consulting
Group, Inc. 2015)

Seattle Public Utilities Strategic Asset Management Plan Update WatsteCollection Pipes (SPU 2015a)
Seattle Public Utilities Wastewater Collection Pipe Criticality Criteria and Rating Scale (SPU 2015b)
Seattle Public Utilities Critical Pipes & SSO Map (SPU 2016a)

Seattle Public Utilities Pipe Criticagi§coring, Procas & Current State of Data (SPU 2016b)

Seattle Public Utilities Strategic Asset Management Plan (SAMP) Update Wastewater Pump Stations and
Force Mains (SPU 2016c)

1 Seattle Public Utilities Asset Management Plan (AMP) Combined Sewer Overflow Facilitid1 U
1 Wastewater System Analysis (Aqualyze 2019)

= =4 =4 -4 -

The Team also reviewed previous seismic risk studies and available seismic and tsunami hazard data as the basis

for this preliminaryseismiaisk assessment. Key documents include the following:

1 Seattle Pubc Utilities Water System Seismic Study Summary Report, including geospatial data for seismic
hazards (SPU 2018b)

T wSO2YYSYyRIGA2ya G2 9yKIFIyOS (KS wSaiatAiSyode IyR w
Treatment FacilitiesTask 500 Preparedness andcBeery Recommendations (HDR 2018a)

T wSO2YYSYRIGA2YA (2 9YyKIEyOS (KS wSartAasdyode |y
Treatment FacilitiesTask 600 Resiliency Recommendations (HDR 2018b)

w»

puf
(s}

w

1 Tsunami Hazard Map of the Elliott Bay Area, Seattle, Washinijlodeled Tsunami Inundation from a
Seattle Fault Earthquake (Walsh et al. 2003)
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The followingparagraphs describe the relevance of the previous studies and the associated available data.

Geotechnical and TsunarilazardMiapping. For the Water System Senic Study (WSSS) (SPU 2018b), SPU
evaluated the risks and vulnerabilities of their potable water system when subjected to two different

earthquake scenarios: M7.0 SFZ and M9.0 CSZ (SPU 2018b). The seismic risk assessment for the wastewater
system (descriéd herein) is based on the same earthquake scenarios and corresponding geotechnical hazard
data sets as the WSSese data include:

Peak ground acceleration (PGA)

Peak ground velocity (PGV)

Spectral response acceleration parameter at short periods @€xand period)
Spectral response acceleration parameter at a period of 1 second
Liguefaction susceptibility and probability

Liguefactionrinduced permanent ground deformation (PGD)

Landslide susceptibility

Landslideinduced PGD

Fault rupture PGD (M7.0 SHZ\W)

=A =4 4 -4 -4 -4 -4 -5 -2

TheWSSS&lso considered the potential impact from a tsunami generated by a M7.3 SFZ scenario earthquake.
The extent of tsunami inundation in the area around the Elliott Bay coast of Puget Sound, associated with this
scenario eventwas based on a pwious State of Washington Department of Natural Resources (DNR) study
(Walsh et al. 2003). Note that a M7.3 SFZ scenario earthquake was used for the tsunami risk assessment instead
of a M7.0 event, based on the available tsunami hazard data. Since thé&/&elSystem Seismic Study was
completed, previous tsunami modeling studies have been updated and additional studies have been conducted
by DNR that consider a larger portion of the South King County Puget Sound coastline than was considered in
the 2003 stidy (WGS 2019 and DNR In Preparation). These more recent studies were used as the basis for the
tsunami inundation hazard considered in this seismic risk assessment. A detailed inventory of the geotechnical
seismic hazard and tsunami hazard GIS datafil@gded by SPU and/or obtained from DNR is provided in
AppendixC

Seismic Vulnerability of the Regional Wastewater Systdm2018, KCWTD completed a seismic resilience and
recovery studyor their wastewater system (HDR 2018a and 2018b). The KGWdevaluated the expected
performance of their wastewater conveyance and treatment systems when subjected to two scenario

earthquakes: M7.2 SFZ and M9.0 CSZ. The former scenario is similaMd.6h8FZ scenario used in the Water

System Seismic Stu@@PU 2018b) and the latter is equivalent. The KCWTD study also included development of
mitigation strategies to address the identified seismic and tsunami vulnerabilities. As described above, the SPU
02ttt SOGA2Y &a2aidSY RSt A QJSwancedndtiednieht SySteris.(Sihce th&k SPU¥MNd2 ¢ 5 C
Y/ 2¢5Q4 aédadsSvya Ydad dZ GAYFGSt@ FdzyOlAazy Fa 2yS Ayl
methodology used for this SPU wastewater seismic risk assessment has been generally consigtesit weu

for the KCWTD study.
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Preliminary Risk Scorindgn 2019, SPU completed thgastewater System Analysis (Aqualyze 20d®jch

evaluated the conveyance capacity of the wastewater collection system and identified potential risk areas. As
part of this study, SPU developed prioritization criteria and alvased scoring system. The scoring system used
the following equation:

TheConsequence Scotagkelihood ScoreandEquity Scoresach had values ranging from 1 to 5, which results in

Risk Scoramnging from 2 to 30This preliminary seismic risk assessment has used a similar approach to

calculating seismidskscores As destdbed in Section 6, thaskscoresdeveloped as part of this projeete
consideredoreliminary andt 02 y OSLJidzl £ ¢ 06SOlFdzaS (KSé& N8B olaSR 2y |
benefit of a detailed structural analysis,-site assessments or verifigans.
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3. Preliminary Geotechnical Hazard Review

As specified in the objectives for this assessmesmigchnical hazardata were reviewed for the followintgvo
earthquakescenari®: a magnituder.0 event on theSeattle Fault Zoneé&SfFX anda magnitude9.0 interface
event on theCascadia Subduction Zor@SY. Each of these earthquake scenarios are briefly described below.

M7.0 Sattle Fault Zone. The SFZ is an easgst trending, south dipping, largely concealed thrust fault that
crosses theentral Puget Sound near the latitude of Seattle (Bro@tex. 2001 and 2004)t produces a broad

zone of active deformation, about 4 to 7 km wide, that separates bedrock to the south from thick sequences of
sediments that fill the Seattle Basin to therth (Blakelyet al.2002) At the ground surface, the central SFZ
deformation zone is defined by fault scarps and warped shorelines near Seattle (e.g., 8elk8003;

Haugerud 2003; Kelsey al.2008) Paleoseismic studies suggest that these slines had been uplifted as

much as 8neters (m) during a single large, regional earthquales, ¢ M7) above the soutldipping SFZ thrust
about 1,000 years ago (AD 900 to 930) (Bucketal. 1992; Atwater 1999; Kelseyt al.2008) Based on
paleoseismistudies, the recurrence interval for a large rupture is about 5,000 to 6,000.yHasnagnitude of

the selected M7.0 scenario event is representative of one of these large SFZ @venth excavations and
shoreline studies across the noftlipping surlce fault scarps also indicate that: (a) they ruptured several times
during the late Holocene Epoch producing modessiteed earthquakes (i.e., ~M6 tadpand also possibly

during the AD. 900 to 930 event (Nelson et al. 2003; Kelsey et al. 2008; Nelsinz014) and (b) their rupture
areas were small compared to the master fault rupture area during the AD 900 to 930 earthquake €Kalsey
2008) The recurrence interval for these smaller, moderateed SFZ earthquakes is on the order of about
1,000years and, unless centered on a portion of the fault beneath the city, would result in lower ground shaking
and impact to the wastewater system than the selected M7.0 scenario event.

M9.0 GascadiaSubduction Zone. The CSZ is created by subduction of trendie Fuca Tectonic Plate beneath

the North American Plate off the coast of western North America from southern Canada to northern California
Paleoseismic studies provide conclusive evidence that the CSZ generates great earthquadasr(xemately

M8 to M9) that actively deform this 1,000 km of coastline (eAdgwater and HemphiHaley 1997Clague 1997
Goldfinger et al. 2008nd 2012)Geological evidence from the coastal Pacific Northwest and written records
from Japan strongly suggest ththe last great event that ruptured along the entire length of the subduction
zone (M9) occurred about?B years ago on January 26, 178atake et al. 199&\twater and HemphilHaley

1997 Clague 1997Yamaguchi et al. 199Based on paleoseismic studi¢ise recurrence interval for a great

M9 rupture is about 500 year$he magnitude of the selected M9.0 scenario event corresponds to a great
earthquake that ruptures the entire length of the CEXtensive coastal and offshore studies have refined the
rupture model and some include rupture of the CSZ along segments that have shorter recurrence intervals (as
short as ~200 years) and correspondingly smaller (i.e., ~M8+) earthquake magnitudes (Gat&h@e12).

10
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As previously indicate geotechnical &zards considered in the seismic risk assessment include:
1 Ground Motions for each scenario event:
- Peak ground acceleration (PGA)
- Short Period (~0.2 second) Spectral Acceleration
- 1.0-Second Spectral Acceleration
- Peak ground velocity (PGV)
1 Liquefactioninduced permanent groundleformation(PGD) and probability
1 Landslideinduced PGD and probability
1 Fault ruptureinduced PGD (M7.0 SFZ only)

The data sets for each of these hazards are the same as deesdoped by SPU anded in theWSSS

Descriptiors of thesegeospatiadata setsare provided inAppendixC Citywide maps of hazard data are
provided in Appendix Bt KS&S RIGF aSia 6SNB fINBStfte oFaSR 2y ao6S
time they were developed for the SPU WSSS (i.e., circat@@/18) and were peer reviewed. As such, these

data sets provide a technidglsoundand convenient basis for the current wastewater seismic hazard

assessment.

Since development of the WSSS geotechnical hazard sets, there have been uptietedatebaseand
proceduredo develop the geotechnical hazard seffiese updates may be considered qualitatively in the
current hazard assessment and should be considered quantitatively in potential/futurspsitific hazard
assessments and/or mitigation desi@ he updates relative to this review of the WSSS geotechnical data sets
are summarized as follay

Ground Motion Data Sets:

T Number of Ground Motion Prediction Equations (GMPES) used for the M7.0 Scenario eMeaiground
motion data sets are the average of five N@/&st2 GMPEs. Currently the U.S. Geological Survey (USGS)
only uses four of the five NGAest2 GMPEs in the latest seismic hazard maps from the National Seismic
Hazard Mapping Project (NSHMP); theyndo use the Idriss GMPE because of its lack of site factor
adjustments for relatively so#oil sites (Peterson et al. 2020). The impact of excluding this GMPE on the
M7.0 scenario ground motions may be relatively small (it was reported to impact the Rgkind
motion estimates by three percent [Peterson et al. 2020¢pending on how this issue was handled in the
WSSS data set.

1 Seattle Basin AmplificationAs shown irFigure3-1, much of Seattle lies within a sedimentary basin whose
southern edge is formed by bedrock uplift on the SFZ. Constructive interference of seismic waves within a
sedimentary basin, such as the Seattle Basin, amplifies ground motion relasites@utside the basin.
Amplification is especially pronounced for lepgriod motions (i.e., about 1 second and longer). Basin
amplification was not considered in developing the WSSS datasets for estimateechriispectral
acceleratiorand PGMor neither the M7.0 nor the M9.0 scenarios. Therefore, these values in those datasets
are not conservative, and may be low in areas of the basin north of about South Spokane Street. To address
basin amplification in the 2018 USGS National Seismic Hazard Map$SGS has developed a set of basin
amplification factor values specifically for the Seattle Basin to use with theWéx2 GMPEs (Peterson et
al. 2020). This set of values result in a basin amplification factor of approximately 1.5 for shallow crustal
earthquake sources, such as the SFZ. Peterson et al. (2020) indicates that for great CSZ interface events,
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basin amplification factors on the order of 2 to 3 may be expected but use a factor of 1.5 in the 2018
National Seismic Hazard Maps. Consequentlyfahewing amplification factors are applied to locations
within the Seattle Basin:

- M7.0 SFZ ScenarieSecond Spectral Acceleration and PGV basin amplification factor = 1.5
- M9.0 CSZ ScenarieSecond Spectral Acceleration and PGV basin amplificationr fa@&o

T 7 T T S s T e T T

47.9°N

47.8°N

47.7°N

47.6°N

47.4°N i i i ] = i i &) = e i i

Figure3-1. Geologic definition of the Seattle Basin
SourceWorth et al., 2018
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Liquefaction susceptibility and derived data sets:

1 The liquefaction susceptibility map and the derived PGD and probatfilRGD data sets are based on
liquefaction susceptibility mapping from the Washington State Department of Natural Resources, which are
based on geologic mapping in Seattle done primarily before the year 2000. In 2005, Booth et al. published a
new geologienap for the City of Seattl@he significant increase in geotechnical data available was the
maindriver for an update of the liquefaction susceptibility and potential mappsmpnsored by the Seattle
Department of Construction and Inspection (in conjumetwith the University of Washington)he results
of the updated mapping were not yet available at the time this geotechnical hazard review was conducted.
While the revised mapping will likely not result in large changes in areas identified as begfiblesto
liquefaction, there will be some modest revisions to the locations and the relative susceptibility of some of
the geologic units. This updated mapping should be considered in potential/futuremitfic hazard
assessments and/or mitigation slign.

1 The WSSS liquefaction susceptibility data set does not include the completion of major infrastructure
projects designed to limit the impacts of liquefaction. Specifically, the SR 99/Alaskan Way improvements in
South of Downtown (SODO) and the downto@eattle Elliott Bay Seawall Project were designed specifically
to reduce the impacts of liquefaction. Liquefactimtiuced PGD for SPU facilities near and landward of
these projects are likely conservatively oxestimated. As a firsbrder approximatiorto include the effects
of these infrastructure projects, the estimated P@Bsreduced by approximately 90 percent in the
following areagPerkins and Malinak 2018Shannon & Wilson 20183eeFigure3-2):

- Waterfront between pier 62 (north) and South Washington Street (south)
- East side of SR99 between South Main Street (north) and South Massachusetts Street (south)

1 The WSSS liquefactidmduced PGDwvasbased on an assumption of a frégce depth of no more than
10feet below the water level. This assumption is unconservative for some locations and results in an
underprediction of PGD along the Duwamish Waterway and Elliott Bay. As@diespproximation, the
following free face depth below the water lewgére used (sed-igure3-2):

- 30feet: Duwamish waterway betweerf'Avenue South Bridge (south) anough Spokane Street
bridges (north)

- 50feet: East and West Duwamish waterways north of the South Spokane Street baddé&dliott Bay
east of the intersection of Fairmount Avenue Southwest and Harbor Avenue Southwest, to Pier 91
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4. Preliminary Tsunami and Seiche Hazard Review

Several SPU wastewater system pump stations and backinaidinesare located in areas that may be
susceptible to inundation from an earthquakeduced tsunami or seiche. This section provides an overview of
the tsunami and seiche hazards potentially impacting SPU wastewater system backbone assets and describes
the appraach used to conduct a preliminary tsunami and seiche vulnerability assessment.

4.1 Tsunami Hazard

A tsunami is a type of water wave that can be generated by earthgumkesed ground movement or a

landslide that rapidly displaces a large volume of waterkist 2 LISy 2 OSI| y > | idigandrdlly Y A Qa
relatively small, but as the tsunami wave reaches land, the wheaeacteristics change. The wave runup may
inundate low-lying areas near the shoreline and further inland, depending on topography. Tstunaumpi flow

velocity can approach 20 miles per hour (ASCE 2017).

I /a0l RAI {dzoRdzOlGA2Yy %2yS 6/ {%0 SINIKIldz2 1S oAttt 3AS
coastline, but tsunami modeling results indicate that the impact of the tsunami gégetby a M9.0 CSZ

earthquake will be minor for the Puget Sound shoreline in Seattle (City of Seattle 2019). Models simulating the
tsunami generated by a M9.0 CSZ earthquake predict that Kellogg (aléowHyingwildlife preservein the

Duwamish Rivenyill experience the most significant impact on the City of Seattle Puget Sound showéiinh

would be subjected to approximately 15 inches of inundation depth (City of Seattle 2019). Note that there are

no SPU wastewater backbone system assets locatd€etiogg Island. Future sea level rise could potentially

result in additional areas of the City of Seattle Puget Sound shoreline being impacted by the tsunami generated
by a M9.0 CSZ earthquake, but this has not been considered as part of this selsagsessment.

However, the tsunami that is likely to be generated by a Seattle Fault Zone (SFZ) earthquake (master fault
rupture scenario with a 5,000 to 6,08@ar return period) will significantly impact the Puget Sound shoreline
around Seattle, includinSPU wastewater system assets. Cycles of significant tsunami wave inundation are likely
to continue for several hours after the earthquake. Historical evidence suggests thdbattunami was

generated by a M7.3 SFZ earthquake that occurred aroundd9D0(Walsh et al. 2003, City of Seattle 2019).

A tsunami could also be generated by an earthquiakieiced or norearthquakeinduced landslide (e.g., 1965
Tacoma Narrows, ancient Lake Washington landslides, etc.). The inundation extents for this sypeusfi tare
expected to be more localized and the hazard associated with potential landsideed tsunamis has not
been considered as part of thégismicrisk assessment.

Based on postsunami observations from the 2010 Tohoku tsunami in Japan, $sisnaed that abovwgrade
buildinglike facilities in the tsunami inundation zone will likely lose their functionality for mawetlysars, or
even be a total loss:igured-1(a) shows an example of a building that collapsed due to tsunami-gewerated
forces andFigure4-1(b) shows an example of a building that overturned due toésni wave and buoyaney
generated forces.

Another major tsunami hazard is associated with the debris that is transported by tsunami iFdere4-2

shows examples of timber log, vehicular, and boat/ship debris that can be carried by tsunami waters and result
in impact damage to buildings and can create a significant logistical challenge for the transportation system and
for debris removal after the evénAdditionally, when tsunami waters recede, they can cause scour that

damages building and bridge foundations, buried pipelines, and roadwayEitaee4-3).
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As described in Section® the tsunami inundation extents used for this preliminary tsunami vulnerability
assessment were determined by a recent DNR tsunami study conducted for the South King County Puget Sound
coastline based on a repeat of the M7.3 SFZ earthquake that occuwadda900 A.D. (WGS 2019 and DNR In
Preparation)Map D11 (in Appendix D) shows mapping of the tsunami inundation zdhe. northern boundary

of the DNR tsunami study area was located just to the north of the Lake Washington Ship Canal. There are a few
SRJ wastewater pump stations located to the north of this northern boundary of the DNR tsunami study area.
The tsunami risk for these pump stations was based on engineering judgement.

i Rt nen —

(a) Collapsed building (b) Overturned building

Figured-1. Examples of building damage due to tsunami inundation

Source: Degenkolb Engineers

(a) Timber logsource: Degenkolb Engineers (b) Vehiclegsource: Degenkolb Engineers

(c) Boats/shipgsource:Degenkolb Enginegrs

Figured4-2. Examples of tsunami debris
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(@) Foundation and pipelines exposed adjacent to buildings (b) Pipelines exposed adjacent to road

Figured-3. Examples of pipelines exposed by tsuAacdhiced scour

Source: Degenkolb Engineers

4.2 Seiche Hazard

A seiche is a standing wave that occurs on inland water bodies and can be generated by strong winds or
earthquakes. This standing wave is characterizegregiominantly vertical movement of water near the
shoreline and little to no vertical movement near the middle of the water body, similar to sleglpagnotion

in a bathtub or swimming pool. An earthquakeluced seiche is excited by the lepgriod corent of the

ground motion, so can result from both nearby and distant earthquakes (up to several thousand kilometers
away).

Historical evidence points to multiple past seiche events in Lake Union and Lake Washington, but they have not
caused extensive darga. The 2002 Denali, Alaska earthquake triggered a seiche in Lake Union that caused
minor damage to at least 20 houseboats (Barberopoulou et al. 2004 )féat 8eiche was reported on Lake
Washington in 1891, resulting from an earthquake near Port Ang€litgs of Seattle 2019). Despite the historical
occurrence of seiche events in the Seattle area, there has been very limited scientific study to characterize the
expected seiche associated with a M9.0 CSZ or M7.0 SFZ earthquake. One study of the seithe lhelze

Union indicates that a wave height of at |e8s28 ftmay result from a M8.0 CSZ earthquake and suggests that a
M6.7 SFZ earthquake may cause a seiche with a wave height that does not &jxoglees(Barberopoulou

2006). Geotechnical basin gfification effects and the shape of the lake have been reported to contribute to

the seiche hazard in Lake Union (Barberopoulou 2006). The seiche literature does not discuss historical evidence
of seiche events in smaller bodies of water within the Cit$eattle (e.g., Green Lake, Bitter Lake, etc.).

Due to a lack of comprehensive seiche data, the approximate extent of the seiche inundation zone for Lake
Washington, Lake Union, and the Lake Washington Ship Canal has been assumed to correlate wih the are
inundated by a water level 8 feet above a high operating level of 18.5 feet (North American Vertical Datum of
1988, NAVDS88). This assumed increase in water level was selected based on the historic repcefoof an 8
seiche on Lake Washington in 189te same seiche inundation extents have been assumed for both the M9.0
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